Insulin resistance is a significant pathogenetic factor in the development of non-insulin-dependent diabetes mellitus (NIDDM). A new class of drugs, the thiazolidinediones, have been shown to lower blood glucose levels without stimulating insulin secretion. We report the metabolic effect of the thiazolidinedione, darglitazone, in obese NIDDM subjects. Nineteen subjects were enrolled in a doubleblind placebo-controlled study in which 25 mg of darglitazone was given once a day for 14 days. Nine subjects received the active drug and ten subjects received placebo. Darglitazone-treated subjects showed; 1)a decrease in 24-h plasma glucose area under the curve from 292.8+31.2 to 235.2+ 21.6 mmol. h -~ 9 1-1 p = 0.002; 2) a decrease in 24-h serum insulin area under the curve from 1027.2 + 254.4 to 765.6 + 170.4 ~U-h -1 9 1 -~ p = 0.045; 3) a decrease in 24-h non-esterified fatty acid area under the curve from 1900+236 to 947+63g-h -1.1-1 p = 0.002; 4) a decrease in mean 24-h serum triglyceride by 25.9 + 6.2 % as compared to -3.9 + 4.8 % for the placebo-treated group, p = 0.012. Placebo-treated subjects showed no change in their metabolic parameters after treatment. Thus, darglitazone is effective in increasing insulin effectiveness in obese NIDDM subjects. The potential for this and similar drugs to treat or prevent NIDDM as well as the insulin-resistance syndrome needs to be explored. [Diabetologia (1995[Diabetologia ( ) 38: 1307[Diabetologia ( -1312 
Insulin resistance is a significant contributing factor for many patients in the pathogenesis of non-insulindependent diabetes mellitus (NIDDM) [1] [2] [3] [4] [5] . It may be the consequence of a primary genetic abnormality of enzymes regulating muscle glucose metabolism or be secondary to other metabofic abnormalities such as obesity [2, [6] [7] [8] . Insulin resistance and/or the associated hyperinsulinaemia are postulated to play a role in the development of hypertension and accelerated atherosclerosis [2, [8] [9] [10] [11] [12] .
In the 1970s, a new class of anti-diabetic drugs (thiazolidinediones) was synthesized. The prototype, ciglitazone, was shown to lower blood glucose levels without stimulating insulin secretion [13] [14] [15] [16] [17] . Several related drugs have been evaluated in animal models of diabetes and have totally or partially corrected existing hyperglycaemia and hyperinsulinaemia [18] [19] [20] . Reductions in serum triglyceride and non-esterifled fatty acid (NEFA) levels have accompanied the reduction in serum insulin and glucose. Thus, these drugs are postulated to improve glucose metabolism in experimental diabetes by increasing insulin action in insulin-sensitive tissues.
If such agents were to have similar effects in humans, the potential therapeutic use could include prevention as well as treatment of NIDDM and perhaps amelioration of the insulin resistance syndrome. Clinical studies of the effect of one of these agents, troglitazone, have been reported [21] [22] [23] . Some improvement
Subjects and methods
in insulin sensitivity and glycaemic control was shown in NIDDM subjects and non-diabetic obese subjects with either normal or impaired glucose tolerance.
This report describes the metabolic effects of another thiazolidinedione derivative, darglitazone, in a double-blind placebo-controlled study evaluating the effect of 25 mg taken once a day for 14 days in 19 obese NIDDM subjects.
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Nineteen subjects with NIDDM as defined by the Diabetes Data Group [24] participated in the study. Subjects had a duration of NIDDM of 6 months or greater, and had been treated with sulphonylurea agents and/or diet. All subjects were obese (BMI 27-40 kg/m2), and had some insulin secretory reserve as assessed by C-peptide response to glucagon. A minimal plasma C-peptide level greater than 0.8 nmol/1 measured 6 min after administration of i mg of intravenous glucagon was required for acceptance into the study. Subjects were otherwise healthy and had no major complications of NIDDM. No subject was taking medication that would interfere with glucose control. Informed consent was obtained from all subjects at the start of the study. Oral sulphonylurea therapy was discontinued and subjects were instructed in a weight-maintaining diabetic diet for 3 weeks prior to the first hospital visit.
Study protocol. Subjects were admitted to the Clinical Research
Centers at State University of New York-Health Science Center at Brooklyn, New York, USA and Temple University School of Medicine, Philadelphia, Pennsylvania, USA for the initial baseline studies. On day 1, 24-h profiles were performed for plasma glucose, serum insulin, serum C-peptide, serum triglycerides and plasma NEFA. For plasma glucose and serum insulin, 13 samples were taken throughout the day between 07.00 and 03.00 hours the following day. Twelve samples were obtained for serum C-peptide, and seven samples were obtained for both serum triglycerides and plasma NEFA. The breakfast meal was Sustacal liquid formula delivering 25 % of the day's total kcal. Lunch and dinner delivered 35 and 40 %, respectively of the kcal for the day. On day 2, subjects underwent an intravenous glucose tolerance test (IVGTT) (25 g dextrose delivered over 2 min) [25] . During the IVGTT 15 samples for glucose and insulin determinations were obtained. Subjects were then randomized in a double-blind manner into groups receiving either 25 mg darglitazone or placebo and treated each morning for 2 weeks including the subsequent test days. They were readmitted to the Clinical Research Centers at the end of the 2 weeks for a repeat of the baseline studies.
Analytical methods. Plasma glucose was measured by a glucose oxidase method using a Beckman glucose analyzer (Brea, Calif., USA). Serum insulin and C-peptide were measured by double antibody methods for radioimmunoassay for each peptide using the Incstar RIA kits (Stillwater, Minn., USA). NEFA were measured on EDTA-plasma using an in vitro enzymatic colorimetric method [26] . Serum triglyceride was measured enzymatically using the Cobas Mira Instrument (Montclair, N.J., USA).
Statistical analysis
Data were analysed using the paired and two-sample Student's t-test. All data are presented as mean + SEM. 
Results
Nine subjects received the active drug, darglitazone, and ten subjects received placebo. Both groups had the same degree of obesity (BMI 31.2+2.8 vs 30.3 + 1.0 kg/m a, active drug vs placebo, respectively). The group which received darglitazone was significantly younger than the placebo-treated group (52.0 + 2.8 vs 59.5 + 2.2 years, p = 0.045) though duration of NIDDM was not statistically different. Baseline 24-h area under the curve (AUC) of plasma glucose and NEFA and serum insulin, C-peptide, and triglycerides did not differ between the darglitazone and placebo-treated groups.
Plasma NEFA. The baseline 24-h plasma NEFA profiles in the darglitazone and placebo-treated groups were virtually identical (Fig.l) . The 24-h plasma AUCs were 1900+95 vs 1842+184g. h -1. 1-1 respectively. Placebo treatment did not change the profile (AUC 1759 + 220 g 9 h -1 9 1-1, p =0.530, Fig.l,B) . However, in the darglitazone- Fig. 2 (A, B) . Triglyceride metabolism. The 24-h serum triglyceride profiles are shown in Figure 5 . Placebo treatment had no effect on either fasting serum triglyceride or the serum triglyceride response to meals (Fig.5B) . Although darglitazone treatment resulted in a decrease in serum triglycerides at all times during the 24-h profile, with the most dramatic decreases being noted in the evening (Fig. 5 A) , it failed to achieve statistical significance (p = 0.07). The percent change, however, in mean 24-h serum triglyceride was statistically significant for the darglitazone-treated group, -25.9 _+ 6.2 %, vs -3.9 + 4.8 % for the placebo-treated group, p = 0.012.
IVGTT response. The rate of glucose disappearance (Kg) in response to an i: v. bolus of glucose was no different at baseline for either the darglitazone-or placebo-treated groups (Table 1) . Kg did not change with either darglitazone or placebo treatment. The mean fasting serum insulin level at baseline was similar between the darglitazone and placebo-treated groups, 17.8 _+ 6.6 vs 15.4 + 2.0 FU/ml, respectively. Neither treatment changed the fasting serum insulin level, or the sum of the 1-, 5-, and 10-min serum insulin levels in response to i. v. glucose (Table 1) . Thus, as anticipated, the insulin secretory response to i.v. glucose at baseline was very low. Darglitazone had no effect on either insulin secretion or glucose disposal in response to i.v. glucose.
Discussion
In this double-blind placebo-controlled trial in obese NIDDM subjects our data show that 14 days of treatment with the thiazolidinedione derivative, darglitazone, is effective in 1) decreasing mean fasting plasma glucose levels; 2)decreasing the 24-h AUC for plasma glucose, serum insulin and C-peptide; 3) decreasing the 24-h plasma AUC for NEFA, and 4) decreasing mean serum triglyceride levels, Data are mean + SEM Thiazolidinediones are a class of drugs which have been shown to lower blood glucose levels by decreasing insulin resistance. In studies in ob/ob and db/db mice, diabetic Chinese hamsters, and normal and streptozotocin-diabetic rats, ciglitazone was found to be effective in lowering blood glucose in the hyperglycaemic hyperinsulinaemic models, but had little effect in the insulin-deficient diabetic models [13] [14] [15] [16] [17] . The decrease in blood glucose levels was coupled with a corresponding decrease in plasma triglyceride and NEFA levels. Urinary C-peptide levels decreased significantly, though the decrease in insulin levels was not significant.
Ciglitazone increased 2-deoxy-D-glucose uptake in skeletal muscle from ob/ob mice while it increased basal and insulin-stimulated lipogenesis in adipocytes from the treated animals, thus suggesting a mechanism for the decrease in NEFA.
Englitazone, which is the most similar drug to darglitazone, lowered plasma glucose and insulin levels in ob/ob mice [20] . In vitro, using 3T3-L1 adipocytes, englitazone had insulinomimetic properties as shown by its ability to stimulate 2-deoxy-D-glucose uptake in the absence of insulin [18] [19] . In further studies englitazone increased glucose transporter mRNA levels in parallel with increased amounts of glucose transporter protein [19] . This suggests that englitazone induces de novo synthesis of glucose transporters. Thus, the drug has both insulinomimetic and insulin sensitizing actions.
There have been several reports on the use of troglitazone in humans with NIDDM and either normal or impaired glucose tolerance [21] [22] [23] . Suter et al. [21] reported on the metabolic effects of troglitazone in subjects with NIDDM. Eleven subjects were treated for 6-12weeks; eight subjects responded favourably with a decrease in oral glucose tolerance test AUC and a fall in post prandial glucose, insulin, NEFA, and glucagon levels. Nolan et al. [23] treated obese non-diabetic subjects with normal or impaired glucose tolerance with troglitazone or placebo. The troglitazone-treated subjects demonstrated an increase in insulin sensitivity as determined by the hyperinsulinaemic euglycaemic clamp technique and the insulin sensitivity index using the IVGTT, and an improvement in glucose tolerance with decreasing insulin levels in response to meal tolerance tests.
In our darglitazone-treated subjects, 24-h serum glucose profiles decreased as did 24-h serum insulin and C-peptide levels. This suggests that the improvement in glycaemia results from improvement in insulin action though this hypothesis needs to be directly tested. In addition, darglitazone does not have an independent insulinomimetic effect on glucose disposal as the K~ value and the insulin response to intravenous glucose did not change with darglitazone treatment. The failure of darglitazone to increase glucose uptake during the IVGTT demonstrates the need for circulating insulin for darglitazone's glucose-lowering effect,
The decrease in 24-h NEFA profile indicates that darglitazone enhances lipogenesis in the adipose tissue and/or decreases lipolysis either by a direct effect or through improved insulin sensitivity. Since the serum concentration of insulin which affects lipolysis is significantly lower than that which stimulates glucose transport, changes in insulin sensitivity in the presence of impaired insulin secretion will have a more profound effect on lipid metabolism as compared to glucose metabolism. As NEFA are precursors for triglyceride synthesis and postprandial serum triglyceride levels are decreased, this drug may have a significant anti-atherogenic potential. Reports have suggested a relationship between serum triglyceride levels with an increased risk for coronary heart disease 9 [27] .
Our data in this placebo-controlled double-blind study indicate that darglitazone increases insulin effectiveness in NIDDM patients. The potential for this and similar drugs to prevent or treat NIDDM needs to be further explored. Their benefits may include partial amelioration of the insulin resistance syndrome and some anti-atherogenic actions.
